To compare surgical outcomes between the lateral and the posterior approach for retroperitoneal laparoscopic adrenalectomy (RLA).
INTRODUCTION
Laparoscopic adrenalectomy (LA) was first described in 1992 [1] . Since its development more than two decades ago, LA has replaced the open approach as the standard treat-ment of choice for adrenal tumors, given the consensus that LA is associated with less postoperative pain, earlier recovery, and similar long-term outcomes compared with open adrenalectomy [2] .
Numerous studies have reported on surgical approaches Retroperitoneal laparoscopic adrenalectomy of LA for adrenal tumors and the associated surgical outcomes. Transperitoneal laparoscopic adrenalectomy (TLA) remains a universal option because of the large working space and familiar surgical anatomy [3] . Retroperitoneal laparoscopic adrenalectomy (RLA) has become a favored procedure owing to decreased operative time, requiring less postoperative care and shorter recovery time [4, 5] . Additionally, RLA effectively minimizes postoperative blood loss because of the small space of the retroperitoneum [6] . Several studies have reported that RLA with a posterior approach seems to be superior to TLA and has better perioperative outcomes [5, 7] . However, despite being a large-scale comparison of the TLA and RLA approaches, a recent report by the Cochrane research group showed that there are still limitations to choosing a better approach without long-term data on patients, operators, and institutes [8] .
To date, the posterior approach has been frequently reported; however, there are few studies on the lateral approach for RLA in the literature, especially compared with other laparoscopic surgical approaches [9] [10] [11] . Therefore, the aim of this study was to evaluate the surgical feasibility and to compare the surgical outcomes of the lateral and the posterior approach for RLA from a single surgeon's experience.
MATERIALS AND METHODS

Patients
We retrospectively reviewed the data for 130 patients who underwent either the lateral or the posterior approach for RLA by a single surgeon (HSC) at Chonnam National University Hwasun Hospital between January 2015 and December 2018. One surgeon performed RLA with the lateral approach from January 2015 and adopted the posterior approach in December 2016. The lateral approach for RLA was performed exclusively until November 2016. The posterior approach for RLA was performed from December 2016 to December 2018, except in the case of a pregnant patient.
This study was approved by the Institutional Review Board of Chonnam National University Hwasun Hospital (approval number: CNUHH-2018-163). The need for informed consent was waived by the board. According to the guidelines for the management of adrenal tumors and after consultation with the endocrinology department, adrenal tumors were indicated for surgical resection if they were hormonally active or growing during regular evaluation [12, 13] . Patients were assessed with respect to demographic and tumor characteristics, such as age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) score, previous history of underlying disease, laterality, tumor size based on radiologic findings, and clinical diagnosis.
Preoperative evaluation and perioperative care
Preoperative evaluation including the patient's clinical presentation and assessment of biochemical and radiologic parameters were used to make preoperative diagnoses. Regardless of clinical presentation, all patients with adrenal tumors underwent hormonal studies through consultation with an endocrinologist. Routine abdominopelvic computerized tomography and/or magnetic resonance imaging were performed for radiologic examination. Patients diagnosed with pheochromocytoma received alpha-blockers (doxazosin) for at least 2 weeks before adrenalectomy. Patients with uncontrolled hypertension received additional beta-blockers to reach a target blood pressure of 130/85 mm Hg. Metaiodobenzylguanidine scintigraphy was carried out to confirm the presence of extra-adrenal extensions. In patients with primary aldosteronism, spironolactone was prescribed preoperatively. If the patient's blood pressure remained uncontrolled, the spironolactone dose was increased and additional medications were administered. Postoperative pain was evaluated on postoperative days by use of a visual analogue scale (VAS) with scores ranging from 0 (no pain) to 10 (worst pain). Acetaminophen and tramadol hydrochloride were used to relieve postoperative pain in the hospital and at home. Patients routinely returned to a regular diet the day after surgery and were discharged depending on their conditions. Further care such as regular radiologic follow-up, laboratory tests, and oncologic therapy were based on the official pathologic report.
Operative technique
For the lateral approach for RLA, the procedure was performed on all patients as previously described [9] , after four trocar placements ( Fig. 1 ). For the posterior approach for RLA, the patient's position was changed from supine to prone after intubation. The table was flexed in a jackknife position, allowing for opening of the space between the posterior costal margin and the posterior iliac crest. We used a 3-trocar technique, as shown in Fig. 1 . The first incision was made for the camera port, 1.5 cm in length, at the lower tip of the 12th rib. After sufficient retroperitoneal space was made by the finger, the second and third trocars were introduced under the guidance of the index finger over 4 cm medially (lateral to the back muscles, 5 mm) and laterally (lower tip of the 11th rib, 5 or 12 mm) to the first incision point. After all trocars were in their proper positions, the operative procedures were performed in a similar way as the lateral approach for RLA.
In patients with pheochromocytoma, we made an effort to ligate the adrenal vein early in the procedure and reduced manipulation of the adrenal mass to avoid the risk of excessive catecholamine secretion and tumor disruption [9] . A drainage tube was not routinely placed after surgery except with open conversion or for complicated cases and was then removed the day before discharge.
Statistical analysis
Patient characteristics and perioperative outcomes were analyzed and compared between the two surgical groups: lateral approach (n=56) and posterior approach (n=74). Variables were age, sex, BMI, ASA score, previous history of underlying disease, laterality, tumor size, preoperative diagnosis, operative time, change in hemoglobin, rate of conversion to an open procedure, surgical complications, postoperative VAS scores, and postoperative hospital day. Operative time was calculated from the first skin incision to the final stitch of skin closure. The severity of postoperative complications was evaluated based on the Clavien-Dindo classification [14] . Continuous variables were compared using independent Student t-tests, and the Pearson chi-square test and Fisher's exact tests were used to compare categorical variables. Univariate and multivariate logistic regression analyses were performed to determine preoperative risk factors for longer operative time (operative time ≥90 minutes). Factors with a univariate significance of p<0.20 were placed into multivariate analysis. All data were analyzed using IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, USA). Differences were considered statistically significant at p<0.05.
RESULTS
Demographic data and preoperative characteristics for all patients are summarized in Table 1 . The patients' mean age was 53.8±12.7 years, and 71 patients (54.6%) were women. The patients' mean BMI was 25.3±4.2 kg/m 2 . The number of patients with a previous history of hypertension and diabetes mellitus was 89 (68.5%) and 27 (20.8%), respectively. The majority of patients were classified as having an ASA score of I or II (n=100, 76.9%). Seventy tumors (53.8%) affected the left adrenal gland. The mean tumor size was 3. 14±1.9 cm, and a tumor of 4 cm in diameter or larger occurred in 36 cases (27.7%). Ninety-eight cases (75.4%) of functional tumors underwent surgical resection. Primary aldosteronism was the most common preoperative clinical diagnosis (30%), followed by Cushing's syndrome (17.7%), subclinical Cushing's syndrome (16.2%), pheochromocytoma (11.5%), and malignancy (7.0%). There was no difference in the correlation between the preoperative diagnosis and the official postoperative pathologic report.
Patients were divided into two groups on the basis of surgical approach: lateral approach (n=56) and posterior approach (n=74) ( Table 2 ). The lateral approach group had more patients with previously diagnosed hypertension (p=0.011). There was no significant difference in perioperative outcomes between the two groups except for operative time (lateral approach, 105.4±41.21 minutes vs. posterior approach, 71.5±31.51 minutes; p=0.001). Fig. 2 shows the operative time in the lateral and posterior RLA groups according to case number. Cases with an operative time of ≥90 minutes occurred more frequently in the lateral approach group than in the posterior approach group (62.5% vs. 31. 1%, respectively; 
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DISCUSSION
This study is, to the best of our knowledge, the largest report comparing surgical outcomes of the lateral and posterior approaches for RLA. Our study demonstrated that both approaches were performed safely with similar operative outcomes, and that both approaches were comparable options for the treatment of adrenal tumors. In addition, longer operative time was predicted by several preoperative characteristics, such as large tumor size and preoperative diagnosis of malignancy.
Since LA was first introduced [1] , several minimally invasive procedures for the surgical resection of adrenal tumors have been reported. A report by Gill et al. [15] introduced the transthoracic transdiaphragmatic approach for LA in patients with prior major abdominal or renal surgery. Recently, robot-assisted LA was introduced with or without the use of indocyanine green dye with near-infrared fluorescence imaging [16] . According to the generalized surgical approach used worldwide, minimally invasive methods can be divided into TLA and RLA [8] . Several studies that have analyzed surgical outcomes between TLA and RLA have reported that both surgical approaches are comparable and that neither is superior [7, 8, 17] . Although TLA is used more widely, RLA offers distinct advantages that make it a valuable alternative route to the adrenal gland. RLA has become the more commonly performed surgical approach with some advantages, considering a previous history of abdominal surgery, operative time, risk of surgical herniation, postoperative care, and number of hospital days [5, 7, 11, 18] .
To perform RLA for adrenal tumors, surgeons should consider whether to perform the procedure with a lateral or posterior approach, with varied positioning of the patients. The posterior approach for RLA has been reported frequently with or without comparison to surgical outcomes for TLA [8, [17] [18] [19] . The posterior approach does not necessitate patient repositioning in the case of a bilateral adrenalectomy; however, it requires surgeons to have an understanding of the anatomy in the prone position [7] . In addition, it was previously reported that the posterior approach for RLA seems to have a prolonged operative time with intraoperative risks because a) one cannot easily convert to an open technique rapidly in the case of major bleeding [9] and b) in obese patients the adipose tissue raises intra-abdominal pressure in the prone position, causing the retroperitoneal space to be highly compressed [10] . The majority of urologists are more familiar with the lateral retroperitoneal approach, which is widely used for laparoscopic nephrectomy [2] . However, only a few studies have been reported on the lateral approach for RLA. A study of 800 cases of RLA using the lateral approach reported it to be a safe, effective, technically efficient procedure [11] . Furthermore, our previous studies have demonstrated that the lateral approach for RLA is a safe and feasible treatment option for large adrenal tumors including pheochromocytoma [6, 9] . However, to the best of our knowledge, there has been no study in cases larger than the present study comparing both lateral and posterior approaches in RLA [10] .
In the present study, there was no significant difference in perioperative outcomes between the lateral and posterior approach groups except for operative times, and the lateral approach group had more cases with an operative time ≥90 minutes than did the posterior approach group. This could have been affected by some complicated cases, including two open conversions in the lateral approach group. One pheochromocytoma patient with a tumor size of 5.6 cm needed to undergo open surgery because of suspicious intraoperative bleeding from the inferior vena cava during dissection of the variant right adrenal vein. In another case, a 10-cm diameter nonfunctional tumor that was attached to vessels and surrounding structures proved to be a hemangioma on the pathologic report. The lateral approach for RLA was used for the case of a 3-cm-wide right adrenal incidentaloma, diagnosed as maternal Cushing's disease, because the patient was 25 weeks' pregnant and had difficulties in the adequate supine position for the posterior approach. In addition, note that most of the patients in the lateral approach group underwent the operation in the first half of the enrollment period. Considering the nature of the learning curves, the operative outcomes reflect an improvement in surgical techniques. As shown in Fig. 2 , the operative time of RLA decreased according to case number, which agrees with previous studies about the learning curve for RLA [20, 21] .
A previous study reported that the lateral approach is advantageous for patients with a high BMI and large tumor size owing to the lack of intra-abdominal pressure compared with the posterior approach [10] . In our study, BMI was not associated with longer operative times. Here, the mean BMI (25.3±4.2) was relatively lower than in previous studies [3, 18] , possibly because of the differences in BMI between Asian and Western populations [22] . A study that compared lateral transperitoneal adrenalectomy and RLA with a posterior approach showed that male sex and pheochromocytoma were associated with longer operative times [17] . In general, males are more muscular and have greater fat tissue thickness in the retroperitoneum than do females [17, 23] . In LA for pheochromocytoma, hemodynamic instability resulting from pneumoperitoneum, tumor manipulation, and difficulty in removing highly vascular tumors could increase surgical complications [9] . However, several studies have shown that LA is a feasible and safe treatment option even for large tumors, and RLA showed shorter operative times than LTA [24, 25] . In the present study, being male was associated with https://doi.org/10.4111/icu.2020.61. 2.180 an operative time of ≥90 minutes in the univariate analysis, but this effect did not remain significant in the multivariate analysis with pheochromocytoma.
Patients with larger adrenal tumors are known to encounter greater operative difficulties and have a higher risk for malignancies and a higher rate of complications [26, 27] . Several studies on large adrenal tumors approximately 5 cm in diameter reported that RLA is an effective procedure [26, 28] and seems to be superior to TLA in terms of operative time [28] . Primary and secondary adrenal malignancies are rare. The most common sites of primary malignancy are the adrenal glands, lungs, kidney, colon, and breasts [29] . If a mass is suspected of malignancy, surgeons should decide on an operative technique for complete resection and minimize direct contact with the tumor surface to avoid violating the tumor capsule or causing eruption of disease [29] . Recent studies of adrenalectomy for malignancy, whether primary or metastatic, have reported that minimally invasive adrenalectomy has come to be widely preferred and is a feasible, safe approach in selected patients [19, 29] . Similar to the present study, large tumor sizes and preoperative diagnosis of malignancy are significantly associated with longer operative times. Nine cases of adrenal malignancy in this study were patients who had a single metastatic disease and no evidence of local invasion. In addition, there were no cases of capsular disruption or tumor spillage, which was confirmed during the follow-up period.
This study had several limitations. It was a retrospective study conducted by a single surgeon in a single institution. The surgical outcomes could have been influenced by factors related to an individual surgeon's level of experience and the volume of the tertiary center. Furthermore, the patient selection for a specific operative approach depended on the surgeon's preference, meaning that selection bias was unavoidable. However, the surgeries at our institution are performed by an experienced surgical team [6, 9] , and the patient selection in both groups was done on the basis of time rather than individual preference. A report on LA concluded that surgical experience along with a good team effort has a major role in determining operative results and complications in all surgical procedures [30] . In addition, our study showed similar perioperative outcomes without definite inferiority for both surgical approaches for RLA. Finally, this study was conducted without comparison to other surgical approaches such as the transperitoneal approach or robotassisted LA. A further randomized controlled study with a large sample size and different surgical techniques is necessary. However, given the lack of previous research in LA for adrenal tumors, this study is important because it focuses on a unique lateral approach comparing the posterior approaches for RLA.
CONCLUSIONS
The results of our study suggest that both lateral and posterior approaches for RLA were performed safely with similar operative outcomes and are effective treatment options for adrenal tumors. In addition, a large tumor size and a preoperative diagnosis of malignancy are associated with longer operative times.
